Asymmetric synthesis, also called stereoselective synthesis, chiral synthesis or enantioselective synthesis, is a form of organic synthesis which presentes one or more new elements of chirality. Use of catalysts is one of the most effective methods preferred by the researchers in recent years. It causes to the preferential formation of a stereoisomer rather than a constitutional isomer. In this study, tetraoxocalix[2]arene[2]triazine was synthesized firstly by using resorcinol and cyanuric chloride and then this starting material was derivatized with (R)-(-)-2-phenylglycinol to obtain tetraoxocalix[2]arene[2]triazine based chiral compound. Characterization of tetraoxocalix[2]arene[2]triazine was done by 1 H and 13 C NMR spectroscopy which is depicted in literature. Then, new organocatalyst, which possess an amino and a hydroxyl group, was designed and synthesized. The structure of the receptor characterized by FTIR, 1 H spectroscopy, 13 C NMR spectroscopy, optical rotation and elemental analysis measurement was also included. The newly prepared tetraoxocalix[2]arene[2]triazine derivative was employed as a chiral ligand in the enantioselective Michael addition of dimethylmalonate to conjugated nitroalkenes and good to excellent enantioselectivities were obtained. Various factors, (solvent, temperature, catalyst %) were examined and the reactions were optimized. The best condition for the Michael addition reaction was determined as room temperature, toluene as solvent and 10 mol% of heteroatom-bridged calixaromatic based chiral catalyst as organocatalyst loading. The catalytic efficiency of the chiral catalyst was analyzed by HPLC using chiral columns. The corresponding adducts were generally obtained in (S)-forms with great yields (up to 93%) and enantioselectivities (up to 95% ee).
Introduction
Chirality has an important place in the life of animals and plants, agriculture, medicine and chemical industry. Chiral compound synthesis methods are one of the most important follow-up areas of synthetic chemistry for the production of agricultural chemicals and functional materials in pharmaceuticals (Comelles et al., 2005; Harutyunyan et al., 2008; Sulzer-Mossé S and Alexakis, 2007) . Generally, chirality introduces authenticity and a remarkable selectivity in the activities of the drug. In the case of an enantiomer active in the drug, the other enantiomer may be inactive, less active or toxic (Enders et al., 2006; Almasi et al., 2007) .
Therefore it is a great importance to obtain products in enantiomeric purity. Generally, studies are about synthesizing single enantiomers of chiral molecules (Li et al., 2010; Genc and Sirit, 2018) . There are three general ways that can be used for this purpose. The first of these; separation of racemic mixtures by different methods; the synthesis of single enantiomers using chiral auxiliaries and the third route; is the use of chiral catalysts during the synthesis of chiral molecules. In all three methods, the goal is to realize asymmetric synthesis of molecules as efficiently as possible in an enantiospecific, high yield and as cheap as possible (Tsakos et al., 2012; Tsogoeva, 2007; Ma et al., 2010) .
Organocatalysts are organic compounds that accelerate chemical reactions. Due to their function in organic synthesis, the enantioselective Michael addition reactions catalyzed by organocatalysts have progressed considerably and are gaining in importance in recent times (Yalalov et al., 2006; Lu et al., 2012; Hayashi et al., 2005) . Asymmetric conjugate addition reactions in which active methylene is used as an acceptor of the donor and α,β-unsaturated compounds are among the most important of the carbon-carbon and carbon-heteroatom bond forming reactions (Naziroglu et al., 2012; Mase et al., 2006; Mase et al., 2004; Liu et al., 2013) .
Today, it is obvious that the advantages of asymmetric organocatalysis creates a challenging research area (Tsandi et al., 2009; Nugent et al., 2011; Palomo et al., 2006; Pansare and Pandya, 2006) . Hence, the importance of using chiral catalysts has been growing. The increased possibility of the synthesis of enantiopure intermediates for the production of pharmaceuticals keeps the eyes on organocatalysis. There are also so many advantages such as shorter reaction duration, lower impurity and inexpensive processes (Yoshida et al., 2011; Dong et al., 2012; Naziroglu and Sirit, 2016) .
Tetraoxacalix[2]arene[2]triazine derivatives bearing diffirent functionalities have also reported as asymmetric organocatalysts recently (Genc et al., 2019a; Genc et al., 2019b; Genc, 2019) . In the first part of study new tetraoxa calix[2]arene[2]triazine derivative 5 was designed and synthesized. After having synthesized the chiral catalyst, trans-β-nitrostyrene (6) was initially reacted with dimethyl malonate (7) using 5 to explore the catalytic properties of the product.
In the second part of the study, asymmetric Michael Addition reaction were optimized by testing chiral catalyst and solvent effect, reaction temperature as well as catalyst loading. These optimized parameters were used for the reaction of asymmetric Michael addition of 7 to various aromatic nitroalkenes affording the Michael adducts 8a-8l in 85-93% yields and with excellent enantioselectivities (78-95%). The sythesis and application of calix[2]arene[2]triazine (R)-(+)-2-Phenylglycinol derivative is first reported in asymmetric Michael reaction.
Materials and Methods

Synthesis of compound 5
Tetraoxacalix[2]arene[2]triazine 4 was sythesized following a method published by Wang & Yang (2004) and Bozkurt & Türkmen (2016) . A mixture of (R)-(-)-2-phenylglycinol (1.1 mmol) and N,N-Diisopropylethylamine (2.2 mmol) in tetrahydrofuran (20 mL) was added to a solution of compound 4 (0.5 mmol) in THF (20 mL). The mixture was heated at reflux for 18-20 h, after which time the THF was evaporated until solid remains. The remaining mixture was purified by column chromatography technique using hexane/ethyl acetate (1:8, v/v). Product 5 1 H NMR (400 MHz, CDCl3) and 13 C NMR (100 MHz, CDCl3) spectra were shown in figure 1.
Compound 5 Yellow crystalline solid; 71% yield; + 63.90 (c 1, CHCl3); mp 138-140 C; IR (cm -1 ): 3392, 3291, 2951, 1577, 1375; 1 H NMR (400 MHz, CDCl3): δ = 7.38-7.34 (m, 2H), 7.32-7.25 (m, 4H), 7.12-7.05 (m, 2H), 6.79-6.66 (m, 6H), 6.62-6.51 (m, 4H), 5.40-5.33 (m, 2H), 4. 35-4.29 (m, 2H), 4.25-4.16 (m, 2H) , NH and OH-signals not determined; 13 C NMR (100 MHz, CDCl3): δ = 171. 43, 169.13, 165.73, 152.13, 139.40, 138.60, 128.31, 126.79, 119.28, 116.27, 71.88, 62.00, 60.50, 55.90, 31.58, 27.90 
Typical procedure for Michael addition reactions
Catalyst 5 (0.1 equiv.) was added to a stirred solution of trans-β-nitrostyrene (1.0 equiv.) and dimethyl malonate (3.0 equiv.) in toluene (0.2 mL) at r.t. After mixing for 36-48 hours, the solid residue was purified (elution gradient: EtOAc: Hexane = 1:10) to afford desired Michael adduct 8a-8l. Products HPLC conditions are shown in the Table 1 and FTIR, 1 H NMR and 13 C NMR values are shown in Table 2 . NMR 169.7, 169.0, 161.2, 128.8, 115.6, 77.5, 54.0, 53.8, 52.6, 42 
Results and Discussion
Tetraoxacalix[2]arene[2]triazine 4 was synthesized by the reaction of resorcinol 1 with cyanuric chloride 2 in THF in two steps. Characterization of compound 4 was done by 1 H spectroscopy and 13 C NMR spectroscopy which is depicted in literature. After, compound 5 was sythesized by reacting 4 with 2.2 equiv of (R)-(-)-2-phenylglycinol respectively in 71% yield according to the synthetic procedure shown in figure 2. The obtained products structures were also identified by 1 H NMR, 13 C NMR and FTIR spectroscopic techniques. Figure 2 . Procedure for the synthesis of chiral catalyst 5
Investigation was started with dimethyl malonate and nitroalkenes as a role model reaction. At the first part, we tested the effect of the solvent for maximum enantioselectivities and yields using 5 (10 mol%). Solvents screening experiments were conducted with 12 different solvents. Among the solvents, toluene, i-PrOH and CCl4 gave appropriate results as compared to other solvents. Toluene was determined to be the best solvent among solvents for the reaction of dimethyl malonate and trans-β-nitrostyrene (Table 3 , entry 8).
As the second parameter, the effect of temperature was screened. Therefore the reaction was repeated at room temperature, 0 °C and 40 °C. The best values were observed at r.t. compared to at 0 °C and 40 °C. Reducing the reaction temperature from 25 °C to 0 °C, decreases enantioselectivity and yield as expected (Table 3 , entry 13). When the temperature raised to 40 °C, in chemical yields and enantioselectivity drastic decrease was observed (Table 3, entry 14) .
Finally, the effect of catalyst amount was studied on the reaction of dimethylmalonate to trans-β-nitrostyrene, in order to determine the most optimal reaction conditions and the results indicated a bit loss in yields and stereoselectivities when catalyst loading percent increased to 15 mol%. It was observed that there was a decrease in terms of enantioselectivity from 95% to 92% when the amount of organocatalyst was increased 15 mol%. ( As a result of all test reactions, the best conditions was determined as r.t., toluene as solvent and 10 mol% of heteroatom-bridged calixaromatic based chiral catalyst 5 as organocatalyst loading. Having established the reaction conditions, using nitroolefin compounds by possessing electron-withdrawing and electron-donating groups various products were synthesized, affording the desired Michael adducts 8a-8l in 85-93% yields and with excellent enantioselectivities (78-95%) as demonstrated in Table 4 . 
Conclusion
In conclusion, a new type of tetraoxacalix[2]arene[2]triazine based chiral catalyst 5 was synthesized for the Michael reaction of dimethylmalonate to aromatic nitroalkenes. The optimized condition was found as 10 mol% chiral catalyst 5 in toluene at room temperature. From the results, the best yield (up to 93%) and enantiomeric excess (up to 95%) was obtained with trans--nitrostyrene substrate.
